"condylomata acuminata. " We also examined the reference lists of all relevant papers. The criteria for eligibility were as follows: (1) evaluate the potential association between MC and HPV infection or MC and genital warts; (2) give a precise description about how MC status was ascertained; and (3) reporting of HPV sampling techniques, sampling sites, and details of the different polymerase chain reaction assays used for HPV DNA detection. We excluded studies if they (1) did not report any of the outcomes of interest, (2) enrolled men who were HIV-positive, (3) had interventions that did not include MC, and (4) contained data that could not be extracted in an appropriate format and any attempts to obtain the relevant data from the authors had failed.
INTRODUCTION
Human papillomavirus (HPV) infection is common and can cause genital warts, invasive cervical cancer in women, and penile and anal cancer in men. 1 Cervical cancer is the second most common cancer among women worldwide. Up to 99% of cervical cancers are associated with infection of oncogenic HPV genotypes. 2 Therefore, finding interventions that can reduce the risk of HPV infection may have a protective impact on HPV-related diseases, both in men and women.
Male circumcision (MC) is a simple, rapid operation; however, it remains unclear whether it has a protective effect against genital HPV infection. A systematic review of studies conducted by Van Howe et al. 3 found no evidence of an association between MC and genital HPV infections. However, two meta-analyses 4, 5 and several studies [6] [7] [8] found that MC could help reduce HPV infections. Recently, a randomized controlled trial (RCT) with a large patient population demonstrated that MC was not associated with the acquisition and clearance of genital HPV infection. 9 Based on the discrepancy between these findings, there is an urgent need to perform an updated meta-analysis on this topic. In the present systematic review and meta-analysis, we added five recent papers 1, [9] [10] [11] [12] (including 4103 circumcised and 5916 uncircumcised men) to provide a comprehensive survey to address this controversy.
ORIGINAL ARTICLE
Relationship between circumcision and human papillomavirus infection: a systematic review and meta-analysis if more than one outcome (HPV prevalence, HPV acquisition, HPV clearance, and genital warts) was evaluated in one paper. The following data were extracted from the studies: (1) publication details, including first author and year of publication; (2) study design; (3) characteristics of the studied population, including sample size, age range, study population, and country in which the study was conducted; (4) method of ascertaining MC status (self-reported or physical examination); (5) the proportion of circumcised and uncircumcised men; and (6) positive events among circumcised and uncircumcised men.
Statistical analysis
Review Manager version 5.2 software (Cochrane Collaborative, Oxford, UK) was used to integrate all of the individual outcomes. Heterogeneity among the studies was measured by a random-effects model using the  2 test, P values, and I 2 statistics. P < 0.05 was considered statistically significant. Publication bias was estimated by the funnel plot and Begg's rank regression test using STATA version 12.0 software (Stata Corporation, College Station, TX, USA).
13 P < 0.1 was considered statistically significant publication bias.
RESULTS

Data retrieval
A total of 5082 citations were identified after the initial database search. After reading the titles and abstracts, 78 papers were retrieved. Fifty-four of these papers were excluded after full-text review. In addition, seven papers were retrieved from the reference lists of all relevant papers. 7, 8, [14] [15] [16] [17] Thus, 30 papers (39 studies) involving a total of 12 149 circumcised and 12 252 uncircumcised men were finally included in this meta-analysis (Figure 1) .
Study characteristics
The characteristics of patients enrolled in our meta-analysis are summarized in Tables 1-3 . Twenty-four studies evaluated the association between MC and HPV prevalence; 1, [6] [7] [8] [10] [11] [12] [14] [15] [16] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] six evaluated the association between MC and HPV acquisition; 9, 10, 15, 16, 23, 32 four evaluated the association between MC and HPV clearance; 9, 16, 23, 32 and five evaluated the association between MC and genital warts. 7, 17, [33] [34] [35] HPV specimens were collected from different regions including glans, penile shaft, coronal sulcus, scrotum, foreskin, urethra, and perianal region. All studies measured HPV DNA by polymerase chain reaction. The sampling method and specimen collection sites of studies about MC and HPV prevalence are summarized in Table 4 .
MC and HPV prevalence
Twenty-four studies evaluated the association between MC and HPV prevalence 1, [6] [7] [8] [10] [11] [12] [14] [15] [16] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] ( Table 1 ). The random-effects model was applied to calculate the pooled odds ratio (OR) and its 95% CI. HPV-positive rates among circumcised and uncircumcised men ranged from 2.4% to 78.0% and 7.0% to 81.2%, respectively. HPV prevalence was lower in circumcised than in uncircumcised men in 10 of the 24 studies 8, 11, 18, 19, [22] [23] [24] 27, 28, 31 but higher in one study. 15 In addition, 13 studies showed MC had no effect on HPV prevalence. 1, 6, 7, 10, 12, 14, 16, 20, 21, 25, 26, 29, 30 In general, MC significantly reduced the odds of genital HPV prevalence (OR: 0.68; 95% CI: 0.56-0.82), but substantial between-study heterogeneity was observed (I 2 = 70%) (Figure 2 ).
MC and HPV acquisition
Five cohort studies and one RCT examined the effect of MC on genital HPV acquisition 9, 10, 15, 16, 23, 32 ( Table 2) . HPV acquisition was defined as follows: a new infection identified in men who were initially negative for any HPV and who acquired one or two or more new HPV infections during the next follow-up or men who were initially positive for a specific HPV genotype but acquired one or more new HPV genotypes during the next follow-up. 32 The proportion of men who were circumcised ranged from 17.1% to 87.7%. The interval of follow-up ranged from 12 to 24 months. The proportion of HPV acquisition among circumcised and uncircumcised men ranged from 15.7% to 62.6% and 21.3% to 66.2%, respectively. In general, there was no significant association between MC and genital HPV acquisition (OR: 0.99; 95% CI: 0.62-1.60). Substantial heterogeneity was observed among the studies (I 2 = 87%) (Figure 3 ).
MC and HPV clearance
Three cohort studies and one RCT examined the effect of MC on genital HPV clearance 9, 17, 23, 32 ( Table 2) . Clearance was defined as the proportion of men with preexisting HPV, who were negative for that genotype at a subsequent sequential study visit. 32 The study population ranged from 105 to 4033. The proportion of men who were circumcised ranged from 7.6% to 87.7%. The interval of follow-up ranged from 12 to 24 months. The proportion of HPV clearance among circumcised and uncircumcised men ranged from 31.2% to 100% and 25.7% to 72.8%, respectively. In general, there was no significant association between MC and genital HPV clearance (OR: 1.38; 95% CI: 0.96-1.97). Substantial heterogeneity was observed among the studies (I 2 = 56%) (Figure 4 ).
MC and genital warts
Three cross-sectional two case-control studies examined the effect of MC on genital warts 7, 17, [33] [34] [35] (Table 3) . The study population was men attending sexually transmitted disease (STD) clinics, general population, or partners of women with cervical intraepithelial neoplasia. Three studies assessed current warts 7, 33, 34 and two assessed historic warts.
17,35
The proportion of men who were circumcised ranged from 4.0% to 83.5%. In general, there was no significant association between MC and genital warts (OR: 1.17; 95% CI: 0.63-2.17). Substantial heterogeneity was observed among the studies (I 2 = 68%) ( Figure 5 ).
Publication bias
Begg's funnel plot and Egger's test were performed to assess the publication bias of studies on HPV prevalence. The funnel plots did not reveal any evidence of obvious asymmetry among the 24 studies included ( Figure 6 ). Egger's test was used to provide statistical evidence of funnel plot symmetry. The results still did not suggest any evidence of publication bias (P = 0.271). 
DISCUSSION
The existing evidence, which includes data from case-control, cross-sectional and cohort studies, and RCTs, was analyzed in our meta-analysis to ascertain pooled estimates of the relationship between MC and genital HPV prevalence. Overall, our results revealed that MC reduced the prevalence of genital HPV infection in an average of 32% of men. This means that there is a need to perform three circumcisions to prevent one infection. While a series of studies and our meta-analysis demonstrated an inverse association between MC and HPV prevalence in men, one meta-analysis conducted in September 2006 revealed that there was no significant association between circumcision status and HPV prevalence. 3 Because HPV is a topical infection in the skin and mucosa, one possible explanation for the discrepancy may be the varied specimen collection sites in the different studies.
HPV detection varies by anatomical site and evaluating HPV only on the coronal sulcus and urethra might bias the estimated protective efficacy of MC. 1 More frequent HPV infection was detected on the coronal sulcus than the shaft in uncircumcised men, suggesting that the moist subpreputial space might provide a more favorable environment for HPV infection. 10 When interpreting the effect of different sampling methods on our results, we should note that the effectiveness of sampling methods at different anatomical sites and the sampling method itself may affect the efficacy of the sampling methods. However, it is impossible to make a comment on those effects; thus, the method used to sample HPV may be a source of heterogeneity. Only a few studies assessed the association between MC and HPV acquisition or clearance. The present meta-analysis suggests no evidence of an effect of decreased HPV acquisition (OR: 0.99; 95% CI: 0.62-1.60) 9, 10, 15, 16, 23, 32 and increased HPV clearance (OR: 1.38; 95% CI: 0.96-1.97). 8, 16, 23, 32 However, one RCT conducted in Uganda 32 and a cohort study in the USA 9 found that MC reduced acquisition of HPV infection. On the contrary, one recently published cohort study 9 which enrolled 4033 healthy men and three observational prospective studies 15, 16, 23 suggested that MC was not associated with an overall reduction of genital HPV acquisition, which was consistent with our findings. Although limited data prevented us from performing a subgroup analysis according to sample sites, only a few studies used specimens collected from the scrotum, perianal area, and semen, which might have resulted in selection bias in our meta-analysis. In addition, our results suggested that there was no evidence of MC increasing HPV clearance (OR: 1.38; 95% CI: 0.96-1.97). 9, 16, 23, 32 When interpreting the results of our meta-analysis, we must note that HPV has a high rate of spontaneous clearance, and we suggest that the sampling sites also played an important role in the final results. One RCT suggested that MC increased HPV clearance when sampled on the coronal sulcus. 32 However, when sampled on the scrotum and penile shaft, Hernandez et al. 27 found that HPV clearance was not affected by MC. In addition, when interpreting the differences in findings between reduced prevalence of HPV after MC and no reduction in acquisition or increased clearance after MC, we suggest that this might have been because the study population for HPV acquisition and clearance was smaller than for HPV prevalence. Therefore, the results need to be validated using a larger number of studies.
Our meta-analysis suggested that there was no significant association between MC and genital warts (OR: 1.17; 95% CI: 0.63-2.17). 7, 17, [33] [34] [35] One study suggested that genital warts were more likely at distal lesions on the penis among uncircumcised men. 33 Another study suggested that uncircumcised men were more likely to present with extensive warts. 36 In contrast, one prospective cohort study conducted in Kenya 37 suggested that the risk of genital warts was not affected by the presence of a foreskin. One plausible explanation for our results may be that genital wart lesions usually appear on the penile shaft; a site that is not often affected by MC. 38 As we only found five papers suitable for our meta-analysis, 7, 17, [33] [34] [35] additional studies are necessary to investigate the relationship between MC and genital warts.
It is plausible that MC might reduce genital HPV infection; however, the mechanism is unclear. 19 In uncircumcised men, the inner preputial mucosa is exposed to vaginal and cervical secretions as the foreskin is retracted during intercourse. 27 The penile shaft and surface of the foreskin are covered by a keratinized stratified squamous epithelium that could provide a protective effect against HPV infection. However, the foreskin mucosa is not keratinized and might be more susceptible to HPV infections. 27 In addition, the moist environment of the foreskin may provide a favorable condition for HPV survival. 27 It has been proposed that keratinization of the circumcision scar may also reduce the chance of HPV infection. 19 Therefore, MC may reduce the chance of HPV access to epidermal basal cells.
Our meta-analysis included five additional papers 1,9-12 that were not included in the most recent systematic review about MC and genital HPV infection. At the same time, we enrolled an additional 4103 circumcised and 5916 uncircumcised men to provide a comprehensive survey about the relationship between MC and genital HPV infection. As the results of previous meta-analyses [3] [4] [5] and several other studies 7, 14 showed major differences, it is urgent that an agreement is reached. Even though our results are consistent with the recent two meta-analyses, 4,5 our meta-analysis validated the results through using a larger sample size. Compared to the recent two meta-analyses, to reduce the heterogeneity among the enrolled studies, enrollment in our meta-analysis were restricted to HIV-negative men, and one RCT conducted among HIV-positive men was excluded. 38 Our meta-analysis had several limitations. First, there was considerable heterogeneity among the studies. This was because of different study types (case-control, cross-sectional, cohort, and RCT), patients coming from different regions, and differences in results between the normal population (lower risk) and those attending sexually transmitted disease (STD) clinics or partners of HPV-infected women (higher risk). It was not possible to run a subset analysis with the existing data; therefore, these factors might have influenced our results. Second, sampling methods and specimen collection sites varied considerably among the included studies. Third, some of the studies were observational, the MC status was ascertained by self-report, and it was hard to give an accurate assessment of the effect of the surgical procedure. At the same time, age at circumcision and different surgical methods may also have affected our results. Finally, our results for HPV acquisition and clearance could have been influenced by a single study providing two-thirds of all the patients and this may have introduced bias to the overall results.
HPV infection has been established as an important cause of invasive cervical cancer in women and penile cancer in men. Our results suggested that MC could reduce the odds of genital HPV prevalence. MC as a useful intervention could reduce the risk of HPV infection in men and may also have a preventive impact on HPV-related diseases both in men and women.
CONCLUSIONS
This meta-analysis suggested that MC was strongly associated with reduced odds of genital HPV prevalence. MC as a useful intervention to prevent HPV infection should be advocated, especially in countries where HPV vaccines are not yet available.
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